INTRODUCTION
Nurses are more at risk than construction laborers to sustain work-related musculoskeletal disorders (MSDs). 1 The increased use of computers at home and at work has also resulted in a higher incidence of related cumulative trauma disorders (CTDs). 2 In 1999, RNs in the United States suffered from over 13,000 nonfatal occupational MSDs 1 requiring days away from work, 23% involving the upper extremity. 3 Many research studies have investigated CTDs because these are the most frequently occurring injuries related to computer use (also called repetitive trauma disorders, repetitive strain injuries (RSIs), or overuse syndrome). 2 These injuries result from repetitive exertion of the body, such as typewriting. 2 They involve recurrent and persistent pain, may involve disability in any body part, 4 and may happen progressively over periods of weeks, months, or years. These conditions are one of the fastest growing problems in the workplace and may prevent workers from performing their jobs or even simple household tasks. 5 Nursing is an occupation at high risk for developing CTDs because of job-related repetitive tasks, heavy lifting, and awkward postures. 6 Because such tasks as charting, retrieving patient information, entering patient orders, and scheduling require more time working at the computer, nurses' injury risks will only increase unless interventions are implemented before problems occur. 7 Nurses working in diverse settings spend an estimated 2 to 3 hours daily at seated computer workstations, and McHugh and Schaller estimated that nurses will work 1.6 to 4.8 hours per shift at standing workstations in the future. 7 Careful attention must be paid to the design of clinical workstations to prevent injuries in nurses.
Ala et al 8(p50) defined ergonomics as "a multidisciplinary science, which studies the mental, physiological, emotional and behavioral costs incurred by humans in their interaction with their work environment." The Occupational Safety and Health Administration (OSHA) defined ergonomics as the practice of designing equipment and work tasks to conform to the capability of the worker. 9 In 1993, The National Council on Nursing Research 10 identified the "application of patient care er-
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gonomics to the patient-nurse-machine interaction" as a priority for nursing informatics research. Since then, a limited amount of research has been done investigating the relationship between ergonomics and nurse computer workstations.
The purpose of this article is to provide information about ergonomic computer workstation design that may be applied to nursing workstations. A literature review of ergonomic recommendations is included in Table 1 . Additional ergonomic factors that pertain to the nurse-computer interaction, such as taking breaks, are also described; recent ergonomic policies are discussed; and recommendations for future research are provided. The design and placement of equipment in computer workplace stations is instrumental in ensuring comfortable, productive, and safe nursing practice. 11 Hess 12 defined workers at risk for CTDs as those working at a computer workstation 4 or more hours in a workday. Nurses' threshold for developing these injuries may be lower because of the already high physical demands of their work. OSHA has stated that, while it is difficult to determine the length of computer usage time related to risk of injury, workers who maintain static posture and use repetitive motions will also have problems if work variation and breaks are not used. 13 Nurses have additional ergonomic concerns. Many nurses are now working at computer workstations in clinical environments that were not originally designed to accommodate computer use. 14 Some clinical settings have been retrofitted 14 and have improper counter heights, old equipment, inadequate workspace, improper lighting, and limited capacity for redesign. Table 1 summarizes literature about general workstation design, as well as ergonomic recommendations for equipment placement and usage. The literature reviewed comes from professional nursing management, research, occupational health, ergonomics, and informatics journal articles. Classifications of ergonomic literature include: theoretical articles, research studies investigating the effects of equipment and design on the user, and government Web sites that provide policy information and ergonomic recommendations. Search terms used included: ergonomics, nurse injury, CTD, repetitive stress injury, carpal tunnel syndrome, computer workstation, workstation analysis, human factors, human-computer interaction, and ergonomic guidelines.
SCOPE OF THE PROBLEM

WORKSTATION RESEARCH AND LITERATURE
Literature was analyzed by searching for research studies that pertained to nurse clinical workstations, investigating the individual components of computer workstations, and exploring Bureau of Labor Statistics (BLS) and OSHA websites and publications about current ergonomic guidelines and policies. The research and literature described in Table 1 were chosen because they were the most recent, and contained information necessary for the assessment and design of computer workstations. Several articles that contained redundant information about repetitive stress injury, keyboard specifications, visual display terminals, and outdated medical office design information were not included.
Study findings in Table 1 emphasize the need to have adjustable workstation equipment, although exact specifications vary from study to study. Recommended viewing distances for monitors range from 16 to 48 inches. 4, [7] [8] [15] [16] [17] Doheny et al 4 recommended using a flat keyboard, whereas other studies recommended 0°t o 15° keyboard slopes. 2, 17 Some studies suggest a relationship between perceptions of occupational stress and psychosomatic symptoms. 12, 18, 19 Literature about chair design emphasizes the need for lumbar support, 90° leg angles, and the need for the computer user's legs to reach the floor. 4, 7, 8 The number of injuries related to mouse use has risen, as computer users have become more dependent on mouse computer input devices. 20 Some sources advise that the mouse and trackball be placed on the left side of the user (regardless of handedness) to reduce neck and shoulder stress (especially when frequently using the number keys on the right side of the keyboard). 4, 7 Computer keying forces of less than 48 g are also suggested. 21 These specifications may be applicable to nurse computer workstations because the computer equipment used in the office worker studies is comparable to equipment used by nurses. Data on postural factors, ergonomic training, length of time spent working at a computer, type of equipment design and placement, employee workstation and environment perceptions, and presence of MSD and upper extremity user symptoms are also included in Table 1 .
Consideration of the entire surrounding environment can also promote healthier nurse-computer interactions. This includes such factors as lighting, aesthetics, design of furniture, and computer positioning. 4, 22 Staggers and Parks 23 described some of the physical features that make up the nursing context, that is, lighting or noise in the nursing environment. They also discussed the bidirectional nature of nurse computer interaction, such as how screen glare affects nurse action. OSHA lists simple measures to reduce screen glare, such as putting up curtains, providing light diffusers or adjustable desk lights. 24 Such small modifications can make computing more comfortable for the nurse and increase work efficiency. Martin, 1999 15 Jaschinski, 1999 16 Kietrys, 1998 37 S St tu ud dy y/ /l li it te er ra at tu ur re e d de et ta ai il ls s Sample-45,000 office workers Sample-38 subjects from a Sample-27 people that in 125 state agencies in Oregon.
T a b l e 1 Ergonomic Workstation Literature Review
telephone directory-assistance spent at least 3 hours/daỳ Ergonomics programs have office in Germany. VDU screen using computer. No difference contributed to fewer claims, lower positions should be adjusted in cervical flexion when VDT claim costs, and lost worktime.
to make comfortable for the user. height changed from 38.6" to 43.7".
R Re ec co om mm me en nd da at ti io on ns s S Sc cr re ee en n/ /m mo on ni it to or r Position screen [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] 18 Ala, 1994 8 Congress, 1992 17 Pickett, 1991 19 S St tu ud dy y/ /l li it te er ra at tu ur re e tween levels of occufound workstation noisy, pational stress and 53% were satisfied with physical complaints their workstation.
Library of Nelson, 1995
were found.
(continues)
T a b l e 1 Ergonomic Workstation Literature Review (Continued)
Library of Nelson, 1995 18 Ala, 1994 8 Congress, 1992 17 Pickett, 1991 19 R Re ec co om mm me en nd da at ti io on ns s S Sc cr re ee en n/ /m mo on ni it to or r Adjustable monitor with a feet should reach the floor.
M Mo ou us se e/ /t tr ra ac ck kb ba al ll l A Ad dd di it ti io on na al l f fa ac ct to or rs s Users have a VDT color usage preference.
Involvement of computer users in the selection and assessment of their workstation equipment is an important component of workspace design, can improve user satisfaction, and reduce fatigue and stress. 25 A study of home health nurses' experiences with a wireless system prompted the modification of computing equipment by their employers. When nurses relayed their concerns about how heavy their wireless computers were, and they received computers that were one-third the weight for their home visits. 26 We do not know how this approach affected nurse injury; however, studies have suggested a relationship between administrative and engineering controls (such as reducing heavy loads) and worker injuries. 15, 27 For example, the institution of an office ergonomics program resulted in a 21% decrease in time lost because of occupational injuries over a 3-year period. Office worker injury costs were diminished by half, as well. 15 This program included researching the problems, training in ergonomic principles, encouraging managerial and staff support, involving appropriate health and safety professionals, and developing a task force responsible for equipment specification, scheduling, and defining roles and responsibilities. Assessors were chosen to evaluate compliance with ergonomic standards, measure employees and equipment, educate staff, and provide adjustable office equipment.
There are many limitations of the research in this area. Very few articles are available about clinical workstations. Most of the literature is about seated workstations and their equipment components. Literature about ergonomic design of Personal Digital Assistants (PDAs) is not yet available. General laptop guidelines have been introduced, 28 but do not focus on the clinical environment. Articles have been written for occupational health nurses to assist with performing ergonomic analyses of work settings, but they do not address the ergonomic needs of nurses themselves. 15 Most research studies have taken place in small laboratory settings, with small samples of office workers at their worksites, and may not be generalizable to a clinical population. Only one study was found that investigated nurse upper extremity CTD. 29 In this study, nurses and other hospital workers using the computer fewer than 4 hours daily had a 32% prevalence of upper extremity CTD, 60% of which was considered to be carpal tunnel syndrome related to excessive repetitive movements, and workstation design requiring awkward postures. 29 Because this study was cross-sectional in design and had only a 40% response rate, conclusions should be interpreted with caution.
POLICY ISSUES
In November 2000, OSHA proposed ergonomic standards to protect over 102 million workers from repetitive motion injuries in the workplace. These standards went into effect in January 2001, but were repealed by President Bush in March 2001 (Senate Joint Resolution 6). The OSHA standards encouraged MSD reporting for injuries sustained from heavy lifting or repetitive tasks such as typing on keyboards, and ensured that injured employees be seen by a healthcare professional and receive proper treatment. Ergonomic programs, risk assessment, training, and outcome evaluation were to be implemented and would likely have had a beneficial effect upon nurse injury. 30 The new 2002 OSHA ergonomics guidelines that have been promulgated 31 are strictly voluntary, and therefore have been criticized by the American Nurses Association as being ineffective in protecting nurses from injury. 32 Although ergonomic programs that combine workstation assessments, appropriate equipment, furniture, and managerial support have been shown to reduce injury, 15 it is unlikely that most organizations will provide such programs voluntarily.
OSHA recently accepted public comments on new ergonomics guidelines directed toward nursing homes. These guidelines focus on management practices, performing worksite analyses, and providing control methods to prevent healthcare worker injury, but do not cover ergonomic risk factors associated with clinical computer workstations. 33 Employee work breaks of adequate length and frequency have been found to be beneficial. 8 There are currently no federal laws that mandate break length and frequency. Although individual state laws and regulations vary in regard to employee break provisions, some states require 15-minute breaks or alternative work every 2 hours for video display terminal users. 8 Breaks of different lengths and frequencies are recommended in the literature for computer work, which makes it difficult to apply to clinical work practices. One article suggests 10-minute breaks at work for each hour spent on the computer 7 ; another recommends breaks of 15 seconds to 3 minutes in length, taken every 30 to 60 minutes. 15 The National Institute of Occupational Safety and Health (NIOSH) suggests 10-minute breaks every 2 hours for operators who have moderate visual demands, and 15 minutes per hour for workers with repetitive work or high visual demands. 5 Breaks can be effective in reducing CTDs and other MSDs because they allow the muscles to rest or recover, although current guidelines do not specify break recommendations for computing nurses in particular.
RECOMMENDATIONS For Employers
Ergonomic programs that include administrative and engineering controls can help to ensure safe nurse-computer interactions in the clinical setting. The following information can be used when instituting an ergonomic program.
NIOSH provides administrative and engineering controls that can reduce worker injury. 34 These include: gathering evidence of worker injuries from OSHA logs, symptom data from staff, and turnover and absenteeism rates; assessing workflow so that awkward movements, forceful exertion, and repetitive motion are eliminated; designing the job and surroundings to fit the workers' capabilities; training staff how to properly use and adjust equipment; and taking frequent small breaks while computing, in addition to regular breaks.
Workstation and worker assessments should be done before purchasing computer workstation equipment. Periodically, all components of the office workstation should be reassessed including video display terminals (VDT), chairs, and peripheral equipment, such as the keyboard, computer mouse, trackball, etc., in order to improve worker productivity and safety. Any new equipment should also meet computer users' ergonomic needs. A participatory approach among staff nurses and other healthcare personnel can help to determine staff nurses' ergonomic needs and make necessary modifications. 25 Information is available on how to perform worker/workstation assessments, 5, 15, 25 including a "Workstation Checklist," available on the OSHA Web site: http://www.osha.gov/SLTC/computerworkstations_ecat/checklisthtml. 35 This Web site can help to quickly analyze ergonomic workstation design by assessing how the computer monitor, keyboard/input device, chair, and other workstation components fit the specific worker. Specifications from Table 1 cover similar workstation components as the OSHA checklist and can also be used when evaluating clinical workstations.
The effectiveness of any ergonomic interventions can be evaluated by comparing staff injury rates and job turnover and absenteeism rates to those before the program was instituted. 34 Qualitative analysis may also reveal valuable information about the program effectiveness and any barriers to success.
Future Research and Literature Needs
Future research could investigate ergonomic applications to nurse computer workstations in particular. This research should focus on the length of time nurses spend computing at seated and standing workstations, the risk of sustaining repetitive stress or cumulative trauma disorders from exposures that are part of nursing work, appropriate rest periods for nurses using computers, and whether break lengths should vary according to nurse specialty, equipment used, and individual body characteristics. Researchers could investigate each component of the nurse workstation to determine the best ergonomic specifications for worker safety. The relationship between nurse computer user involvement in the selection and assessment of workstation equipment and injury could also be studied.
Other beneficial and rapidly evolving tools in the clinical setting should be researched. Height, lighting, input devices, and other ergonomic considerations of standing nursing workstations should be studied. There is a lack of information about laptop computer design specifications regarding weight, input devices, monitors, carrying cases, and other laptop accessories. PDA ergonomic research can also investigate the relationship between users and lighting, color, visual strain, and CTD. More literature based on new research should be written describing findings and recommendations regarding ergonomic nurse-computer interactions.
CONCLUSIONS
This article addressed the ergonomic considerations of computer workstations. Published specifications that are relevant to nursing workstations were included. Research studies have shown a positive relationship between improved workstation design and physical safety and productivity of the combined human-computer system; however, more work must be done to address nurse-computer interactions. Safer work environments can be attained by considering the enclosed specifications to clinical computer workstations, making ergonomic adjustments in the clinical setting, conducting and disseminating research, writing about ergonomic nurse-computer interaction, and taking an active role in policy development.
